ments have been limited to the use of pulsed lasers, resulting in time-integrated observations and other complications that prohibited a complete study of the effect. Recently some indication of steady-state selfbending has been reported in liquid crystals, 9 and long pulses have been used to achieve self-bending in CS 2 using a powerful CO 2 laser in the infrared range (at 10.6 gm). 10 On the other hand, the large nonlinearity in the vicinity of the D resonances of sodium vapor permitted the first investigation of a cw self-action effect (self-focusing)," 1 as well as the effects of resonatorless optical bistability based on self-focusing.' 2 Here we present the first detailed study, to our knowledge, of visible cw self-bending in sodium vapor. Selfbending angles as large as eight times the diffraction width and strong attenuation of the on-axis radiation were observed. When the laser frequency was tuned just below the D 2 resonance (589.0 nm) and the vapor temperature was 202 0 C, the refractive index was predominantly Kerr-like, i.e., An = n2I, with n 2 -10-7 cm 2 /W. This result was not expected because a calculation of the saturation of the anomalous dispersion of a two-level system, based on the power-broadened holeburning model, 7 ' 8 predicts that An(I) should be appreciably saturated under our experimental conditions.
An ideal case of self-bending occurs when a slab beam, with a spatial intensity profile that is right tri- 
where k is the wave number, OD = 2/kwo is the (half-) diffraction angle, and L is the thickness of the medium. The self-deflection angle of a slab two-dimen-
2 /w 2 ), x > 0] is nearly equivalent to Eq. (1) . 5 Since slab beams are not the most suitable for experiments, we formed a quasi-triangular beam profile in the self-deflection plane by covering half of a three-dimensional TEMoo Gaussian beam (of power Pin) with a razor blade, as in Fig. 1 , where the peak intensity is given by 10 = 2Pin/ vrwo 2 . In such a case, Eq. (1) still gives a good approximation for the far-field self-bending angle.' 3 Our experiment partially satisfied the thinness requirement because the length of the nonlinear medium (L = 18 mm) was much less than the diffraction length, RD = kWo 2 /2. Typically our experiment was done on the self-defocusing side of the resonance in sodium vapor, which allowed us to avoid complications related to self-focusing. For the largest product n 2 IO in our experiment, the self-defocusing length RNL = wo/2(1n 2 (I0)I/2 was of the same order as the cell length L, which should have resulted in somewhat underestimated values of n 2 at large intensities. Meanwhile, the condition of weak absorption across the beam was satisfied because the absorption saturates at an intensity three to four orders of magnitude smaller than those in this experiment. 6 -8 ' 11 The saturation intensity Isat = 27rhvo 3 propagation of an asymmetrical beam through a short sodium cell, demonstrating self-deflection of the intensity peak in (b).
natural lifetime of the transition and vo = c/Xo is the resonance frequency, was 37.5 mW/cm 2 . We used two methods to verify whether the medium was Kerr-like. According to Eq. (1), if a linear relationship is found between ONL and Pin, then An = n2I will be verified. Another method is to record the far-field intensity at a point on the optical axis as the input power is increased. If the medium is thin, transparent, and Kerr-like and if the beam has a half-TEMoo profile, then the far-field on-axis intensity, Ion-axis can be found analytically:
Ion-axis -[C'(NL) + S (_qNL)]w0 /n2kL, NNL= n 2n 2 kLo 0 /7r, At higher temperatures ONL was not only larger but also saturated-presumably because either An saturated or beam distortions limited the effective interaction length. At 2141C (N = 7.0 X 1012 cm-3 ) we measured a self-deflection angle of 5.9 mrad, which is eight times the diffraction angle OD, when the input beam power was 170 mW. This is a substantial accomplishment for a cw experiment, e.g., compared with Ref. 9; even in pulsed experiments' 0 with a laser power up to 400 MW/cm 2 the deflection did not exceed the diffraction angle. Self-bending was also observed on the self-focusing side of the resonance (where n2 > 0), but measurements were difficult because the beam damaged the output window.
In the far-field on-axis observation, we measured the intensity of radiation at the point that corresponds to the center of the linear beam (Fig. 4) . The solid curve corresponds to relation (2) Treating dilute sodium vapor as a two-level system, An(I) was calculated in Ref. 7 under cw and uniform (2) where C and S are the Fresnel integral functions.
An argon-pumped ring dye laser was used to achieve a frequency-stabilized single-mode beam. The beam was focused on the razor blade in front of the input face of the cell and then imaged into the cell (Fig. 1 ).
The beam waist had a (l/e 2 ) size of 220 jm +15%
(without the razor blade). The laser was detuned until the maximum self-bending was observed: -1.9
GHz from the point in the D 2 line that produced the brightest resonance radiation. Far-field beam profiles were measured 95 cm -5RD from the cell. excitation, where the effects due to power-broadened hole burning of an inhomogeneously broadened transition are included. 
For example, at 202'C and A = -1.0 (or -1.9 GHz from the middle of the F lines), this approximation
gives n 2 = -1.2 X 10-7 cm 2 /W, which agrees surprisingly well with the experimentally determined value, in spite of the violation of the inequalities (JAI y 1.0). At higher temperatures, however, the agreement was poor.
There are a few possible reasons for the seemingly weak manifestation of saturation in the refractive index. Since the D 2 resonance is actually a three-level system (the 2S1/2 ground state is hyperfine split by 1.77 GHz), some incongruity with the two-level theory is expected"", 3 since optical pumping of the ground states was not included. In future experiments this effect may be reduced by using circular polarization.
Other complications may also arise, such as nonlocal effects due to the drift of excited atoms" and the long- the Boltzmann constant and ma is the mass of the atom] is relatively small (-10 Am in our case); the latter mechamism, however, may be effective at a distance of up to 100 jim. 14 This distance is comparable with the beam size in our experiment and can be considerably larger than the size of the sharp beam edge.
In conclusion, we observed cw self-bending of a laser beam in sodium vapor, measuring deflection angles up to eight times the diffraction angle of the input beam.
We also observed the strong attenuation of the on-axis radiation resulting from the self-bending effect. These results suggest a strong potential for applications such as radiation protection, optical switching and limiting, optical bistability, and nonlinear coupling. As expected, the measured self-deflected profiles revealed a main self-deflected peak and smaller counter-self-deflected subpeak(s). From data obtained at r200 0 C, we determined that the nonlinear refractive index in sodium vapor was Kerr-like, with n2 -10-7 cm 2 /W for near-resonance tuning on the
